The objective of the current modeling effort is to validate the numerical model and improve upon the prediction of heat transfer in rotating systems. Low-Reynolds number turbulence model (without the wall function) has been employed for three-dimensional heat transfer predictions for radially outward flow in a square cooling duct rotating about an axis perpendicular to its length. Computations are also made using the standard and extended high-Reynolds number kturbulence models (in conjunction with the wall function) for the same flow configuration. The results from all these models are compared with experimental data for flows at different rotation numbers and Reynolds number equal to 25,000. The results show that the low-Reynolds number model predictions are not as good as the high-Re model predictions with the wall function. The wall function formulation predicts the right trend of heat transfer profile and the agreement with the data is within 30% or so for flows at high rotation number. Since the Navier-Stokes equations are integrated all the way to wall in the case of low-Re model, the computation time is relatively high and the convergence is rather slow, thus rendering the low-Re model as an unattractive choice for rotating flows at high Reynolds number.
INTRODUCTION
ne of the methods through which cooling of modem gas turbine blades is achieved is to provide the gas flow through internal ducts of the blades. These ducts can vary in shape and size as shown in Figure 1 . For an empirical design a large experimental data base is required because the geometry and flow conditions can vary in a wide range. An analytical tool obviously can substitute for experimental work and reduce the cost of design. Any analytical tool, however, has to be validated with experimental data before it can be reliably used. The current effort deals with validation of the numerical model for heat transfer predictions in rotating machinery. The flow considered is radially outward through a single square duct rotating in orthogonal mode.
Several contributions exist in literature for the kind of flow considered here and an extensive review was reported by the author in an earlier work 1992a]. These included experimental as well as numerical work for flow and heat transfer in smooth rotating radial ducts and with some exceptions will not be repeated here. Recently, Yang et al. [1992b] obtained heat transfer data for rotating serpentine square flow passage for rotation number up to 0.042. They showed that the effect of rotation is seen locally on the leading, trailing and side walls whereas little effect is seen on the circumferentially averaged Nusselt number due to rotation. Heat transfer increases with increasing Reynolds number and the effect of buoyancy on heat transfer exists in the inlet region and diminishes downstream. Heat transfer is significantly enhanced at sharp turns due to secondary flow. Han and Zhang [1992c] In the case of heated walls, a temperature gradient exists from the wall region to the core which gives rise to centrifugal buoyancy. In the case of radially outward duct flow, the radial velocity of the relatively cooler, and hence heavier, fluid near the trailing wall is increased while the radial velocity of the relatively warmer, and hence lighter, fluid near the leading wall is decreased.
Consequently, the friction and heat transfer near the trailing wall are further enhanced [1992a] .
TURBULENCE MODELS
The details of the Navier-Stokes equation governing the flow and the details of the k-turbulence models have been prov.ided by the author in Ref.
[1992a] and will not be repeated here. The low-Re version of k-turbulence model is described here. The purpose of a turbulence model is to determine the turbulent viscosity () so that the system of equations can be closed in mathematical It should be noted that by introducing the "near-wall functions" fw f and f2 the general form of the 2-equation k-model for high-Re flow has been retained. In the regions far away from the wall where the flow is fully turbulent, these functions assume the value of unity thus conforming to the standard high-Re version of the kmodel.
The boundary conditions for k and at the wall remain to be specified. At a wall k 0 and is finite [1981] . Zero gradient boundary condition (0/0y 0) for the dissipation rate is specified at the wall [1985a] Braaten and Shyy [1986] and Shyy et al. [1985b] . The hybrid interpolating scheme has been used for the computation.
Unless specified otherwise, number of control volume cells used in the symmetric half-duct (see Figure 2 ) is 10 20 50 for the solution using wall function. 10000 cells were determined to be adequate for the present square duct in the previous work 1992a]. For the low-Re model numerical experiment was done on the grid size variation to achieve grid-independent solution. A mesh of 20 40 100 cells was chosen for most of low-Re computations. The cell size is decreased as it gets closer to the walls, with the ratio of cross-stream plane areas between two adjacent cells not dropping.below 0.83.
RESULTS AND DISCUSSION
The geometrical dimensions of the square duct of Wagner et al. [1989] and Han and Zhang [1992c] are given in 
Uneven Wall Temperatures
In all the cases discussed so far all the walls were at uniform common temperature (Tw) and the extended high-Re k-model along with wall function predicts heat Figure 12 and Figures 9 through 11 is that the data for the leading wall are overpredicted in Figure 12 
